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APPARATUE;
The diffusion c9efficient of hydrogen atoms in hydrogen was measured ' by means of the apparatus shown schematically In Fig. 1 I A chip of ruby was affixed to one inside wall of the cavity to provide a monitor for its sensitivity as it was moved along the quartz tube.
Movement of the cavity was achieved by simply sliding the microwave bridge, with its attached waveguide leading to the cavity) on the horizontal table mounted above the magnet. -This procedure permitted a horizontal cavity movement of 7 cm with .a variation of reference-signal intensity of less than 1.5%; greater movement resulted in line distortion, due to inhomogeneous magnetic fields.
EXPERIMENTAL DETAILS AND RESULTS

A. Transient Measurement
The transient experiments involved study of the rate of atom density decay from the steady-state value at a given point in the cylindrical reactor after rapid extinction of the atom source., For the determination of the atom density, the kagnetic field was adjusted for a peak of the ESR derivative signal and the transient decay was time-averaged by cycling the discharge with an ON-time of 2 sec-and an OFF-time of 1 sec.
Co1lection pf the experimental data was begun after exposure of the apparatus to the discharge cycling for a period of 15 min. At a given piessure the power input into the rf discharge was adjusted to a level adequate for atom detection. yet low enough to make the, atomic species the minor component of the gas mixture. The cavity was situated as close to the constriction as possible in order to obtain the highest atom density. However, the distance between the cavity center and the constriction could not be less than lS cm, a distance dictated by a compromike. (B.
Steady-State Measurement
For the determination of the atom density gradient along the length of the quartz diffusion-tube, the rf discharge was operated continuously and the atom density was recorded for various positions of the cavity along the tube. At a given pressure measurements were made after the atcm density at some position, x, was constant. Usually a steady-state condition occurred after itbout 10 mins.
The steady-state data obtained at the pressures corresponding to the transient measurements of Fig. 2 arecplotted in Fig. 3 . The Linear relationships between logarithm of'atom density and distance x at given pressures satisfy the requirements of the theory for an infinite tube with catalytic walls for which the heterogeneous atom recombination is first order in atom density. The linearity of the curves further establishes uniformity of the wall activity along the tube. The magnitude of the slopes are labeled on each curve (Fig. 3) .
They are found to be proportional to the square root of the-total pressure in accordance with theory. 
where D is the diffusion coefficient, n the atom density (in -he gas I jphase), and r the radical coordinate in the cylindrical reactor of radius R.
The boundary conditions are:
nr.O , t)
where 6 represents a dimensionless parameter involving the catalytic efficiency y of the cylinder walls
with 0 < y 4 1, and-C, the mean atomic velccity of the reactant.
9The subscripts denote derivative With respect to the axial direction (x), the radial (transverse) direction (r), and time (ti.
6
The boundary condition given by Eq. (2) specifies the existence of a strong "sink" in the region of the atom source at t > o, a condition prevailing during our experimental measurements. The quartz walls warmed Aij by exposure to the rf discharge and the liquid nitrogen' , trap -in close ,{ ,4 proximity to the discharge act as efficient atom sinks"' and cause rapid decay in atom density as soon-as the discharge is turned off.
The initial condition for the time-dependent solution is given by the steady-state atom distribution in the cylinder 8 n*(rx)
where
with no the atom density at x = o, and C (I 
(
The value of n averaged over the cross ,section of the tube is found to be:
n(x,t)/n = 2 1=1+ iR shown in Fig. 4 . The diffusion coefficients derived from the measurements at the various total gas pressures are summarized in Table I (Table II) . The experimental results obtained under steady-state conditions (Fig. 3) lend themselves to an evaluation of the catalytic surface activity of the quartz walls for hydrogen-atom recombination. The steady-state axial atom decay is an exponential function of the distance from the source (Eq. 15) and, on a semilogarithmic plot, the slope is proportional to (KD)I. An analysis of the data is summarized in Table III . The value of y 1.8 x 10 -s for quartz is considerably lower than that reported for Pyrex, 10 but it ie of the same magnitude as that for silica at room temperature. 1
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